1. Introduction {#s0005}
===============

The major traditional risk factors for cardiovascular disease (CVD)[2](#fn2){ref-type="fn"} include both non-modifiable factors (e.g., age, male sex, or familial predisposition) and modifiable factors such as smoking, physical inactivity, obesity, hypertension, dyslipidemia, and type 2 diabetes mellitus (T2DM) [@b0005]. Typically, these risk factors cluster in individuals and have a synergistic effect on the risk of CVD, also resulting in increased CV mortality [@b0010]. At the disease management level, this implies that most patients on primary prevention, and all of those on secondary prevention, need a multi-targeted treatment approach based on combination therapy with two or more drugs. This polypharmacy frequently leads to complex medication regimens that result in poor therapeutic adherence and persistence, which in turn is associated with increased risk of recurrent or new CV events and poorer clinical outcomes [@b0015]. A strategy nowadays endorsed by several clinical guidelines to circumvent the above-mentioned drawbacks is the use of the CV polypill [@b0005], [@b0020], [@b0025]. It consists of a single oral dosage form composed of active ingredients with well-supported evidence for the prevention of CV events, in general a minimum of a statin, an antiplatelet drug, and an antihypertensive agent [@b0030]. Several clinical trials for secondary prevention of CVD have shown that, compared to the standard of care, the CV polypill improves systolic blood pressure (BP) and low-density lipoprotein cholesterol (LDL--c), might reduce the risk of all-cause mortality compared to usual care, and it is cost-effective [@b0030], [@b0035], [@b0040].

In Europe and Latin America (LATAM), the CNIC-polypill (i.e. aspirin, ramipril, and atorvastatin/simvastatin) was the first CV polypill approved and marketed for the secondary prevention of CVD [@b0030], [@b0045]. A recent real-world, prospective, observational study conducted in Mexico (SORS study) in patients with or at high risk of CVD reported that, after one year of treatment with the CNIC-polypill, there were significant reductions in systolic and diastolic BP, total cholesterol (TC), LDL--c, triglycerides (TG), and an increase in high-density lipoprotein cholesterol (HDL--c) [@b0050]. In clinical practice, and beyond lifestyle recommendations, LDL--c reduction is the primary target in the management of dyslipidemia and reduction of cardiovascular risk (CVR), with statins as the first line lipid-lowering therapy [@b0005]. Nonetheless, the risk for CV events commonly persists in spite of statin treatment and having achieved the recommended or even below-target LDL--c levels, and this residual risk is attributed to other lipid factors with potential atherogenic action [@b0055]. The largest contributor to this residual risk of lipid origin is atherogenic dyslipidemia (AD), defined as the combination of elevated LDL--c and TG levels, low HDL--c levels, and a preponderance of small-dense LDL--c particles [@b0060]. As a consequence, patients may remain untreated or inadequately treated if their LDL--c levels are not substantially elevated [@b0065], highlighting the need to carefully address the components of the lipid profile beyond LDL--c. This is especially true for Latin-American countries, where the prevalence of AD is higher than in other geographical regions [@b0070]. In the particular case of Mexico, some 30% of obese or overweight subjects have hypertriglyceridemia and 18% of them mixed dyslipidemias [@b0075].

The clinical effectiveness of the CNIC-polypill in terms of the improvement in lipid ratios indicative of AD and thus associated with lipid-related CV risk has not previously been studied. Therefore, the current study aims to assess its clinical effect on the comprehensive lipid profile of Mexican patients at high risk of or with pre-existing CVD participating in the SORS study through the inclusion of a panel of atherogenic parameters known to be predictors or surrogate markers of atherosclerosis and CVD.

2. Materials and methods {#s0010}
========================

2.1. Study design and population {#s0015}
--------------------------------

This was a post hoc analysis of the SORS study, which was a multicenter, prospective, non-comparative observational study conducted in Mexico, details of which have been published previously [@b0050]. Briefly, the study analyzed 1193 patients who initiated treatment for CV prevention with the CNIC-polypill (acetylsalicylic acid 100 mg, ramipril 5 or 10 mg, and simvastatin 40 mg). For the current analysis, we selected only those patients with full data on all lipid parameters both at study entry (on standard of care) and at the end of the follow-up (after 12 months of treatment).

The study was approved by the corresponding Health Authorities, and all patients signed a written informed consent form prior to participation. The study was conducted in accordance with the Declaration of Helsinki (1975).

2.2. Study measures {#s0020}
-------------------

As well as patient demographics, baseline medication, history of CV events, BMI, and presence of CV risk factors, the study collected fasting blood samples both at baseline and at the end of the study to determine plasma glucose and blood lipid levels, which included TC, LDL--c (estimated according to the Friedewald formula) [@b0080], HDL--c, and TG. In addition, other non-conventional lipid parameters and markers of AD included the following biochemical ratios and indices: 1) Non-HDL--c, 2) remnant cholesterol (RC; TC minus HDL--c minus LDL--c) [@b0085], 3) Castelli\'s risk index-I (CRI--I; TC/HDL--c) [@b0090], 4) Castelli\'s risk index-II or atherogenic index (AI; LDL--c/HDL--c) [@b0090], 5) atherogenic coefficient (AC; non-HDL--c/HDL--c) [@b0095], 6) surrogate marker of insulin resistance (IRS; TG/HDL--c) [@b0100], 7) the atherogenic index of plasma (AIP; log\[TG/HDL--c\]) [@b0105], and 8) the lipoprotein combined index (LCI; TC × TG × LDL/HDL--c).

2.3. Statistical analysis {#s0025}
-------------------------

The LDL--c, non-HDL--c, RC, CRI--I, AI, AC, IRS, AIP, and LCI ratios were calculated. Categorical variables are presented as absolute and relative frequency, and continuous variables are expressed as mean ± standard deviation (SD). The difference in the mean value of the different lipid parameters and indices from baseline to end of follow-up is expressed as % change with 95% confidence intervals (CI), and the statistical significance of the change was assessed using paired sample Student\'s *t*-test for repeated measures. A further analysis was conducted in patients with on-target LDL--c levels (i.e. \< 70 mg/dL for those with a previous event and \< 100 mg/dL for all others at moderate risk) and in patients with normal or borderline high TG levels (\<150 and \< 200 mg/dL, respectively). The target levels for LDL--c and recommended levels for TG were those in the 2016 European Society of Cardiology (ESC) guidelines on lipid management, [@b0110] since this observational study was performed before the publication of the latest 2019 ESC guidelines [@b0115]. To determine the likelihood of achieving on-target values after one year of treatment we used McNemar's test for dichotomous repeated measures, and results were expressed as Odds Ratio (OR) and 95% CI. All the statistical analyses were performed using the statistical package SPSS 22.0 (SPSS Inc., Chicago, Illinois). All *P* values were two-tailed, and *p* \< 0.05 was considered statistically significant.

3. Results {#s0030}
==========

3.1. Characteristics of the study population {#s0035}
--------------------------------------------

The original SORS study included 1193 patients [@b0050] whose baseline treatment was acetyl salicylic acid in 85.5% of patients, statins in 94%, 94.2% received either ACEi (angiotensin-converting-enzyme inhibitors) or ARBs (angiotensin II receptor blockers), and 97.3% of patients were treated with all three drug classes. Out of the whole population, 533 had a full set of data on traditional lipid parameters at both baseline and after one year of treatment with the CNIC-polypill. Sociodemographic, clinical, and CVR factors are shown in [Table 1](#t0005){ref-type="table"}. The mean age of the studied population was 57.3 years (SD = 14.3), there was a higher proportion of males (53.4%), and the mean BMI was in the range of overweight (29.4; SD = 4.5). With regard to CVR factors, the vast majority of participants had arterial hypertension or hypercholesterolemia (85.1% and 86.3%, respectively), more than half of them had hypertriglyceridemia (63%), about a third had T2DM (29.7%), and most (90.6%) had more than two of the above risk factors (including obesity). Finally, 57.6% of patients had pre-existing CVD, with stable angina being the most common condition (45.1%), followed by myocardial infarction (39.8%) and unstable angina (12.8%).Table 1Baseline demographic and clinical characteristics of the patients.VariableSubjects treated with the\
CNIC-Polypill N = 533Age (years), mean (SD)57.3 (14.3)Gender (male), n (%)285 (53.4)BMI (kg/m^2^), mean (SD)29.4 (4.5)Arterial hypertension, n (%)453 (85.1)Hypercholesterolemia, n (%)459 (86.3)T2DM, n (%)158 (29.7)Hypertriglyceridemia, n (%)336 (63.0)Presence of \> 2 CV risk factors,[\*](#tblfn1){ref-type="table-fn"} n (%)483 (90.6)Previous CV event, n (%)307 (57.6)Stable angina, n (%)139 (45.1)Myocardial infarction, n (%)122 (39.8)Unstable angina, n (%)39 (12.8)Others, n (%)7 (2.2)[^2][^3]

3.2. Traditional lipid profile after one year of treatment {#s0040}
----------------------------------------------------------

One year of treatment with the CNIC-polypill, compared with baseline, significantly lowered the levels of TC (from 241 mg/dL \[SD = 62\] to 187 mg/dL \[SD = 36\]), TG (from 227 mg/dL \[SD = 101\] to 161 mg/dL \[SD = 49\]), LDL--c (from 130 mg/dL \[SD = 36\] to 112 mg/dL \[SD = 30\]), and overall non-HDL--c (from 192 mg/dL \[SD = 64\] to 134 mg/dL \[SD = 39\]), while mean plasma HDL--c levels experienced a slight but non-significant increase (from 49 mg/dL \[SD = 24\] to 50 mg/dL \[SD = 14\]). The mean percentage difference before the CNIC-polypill and after one year of treatment was statistically significant for TC, TG, LDL--c, and non-HDL--c (all *p* \< 0.001), with the greatest reductions observed in TG and non-HDL--c levels (−29.2%), followed by TC (−22.6%) and LDL--c levels (−13.8%) ([Fig. 1](#f0005){ref-type="fig"}).Fig. 1Plot of the mean percentage of change in lipid parameters compared to baseline after one year of treatment with the CNIC-polypill. \*\*\*P \< 0.001. HDL--c, high-density lipoprotein cholesterol; LDL--c, low-density lipoprotein cholesterol; Non-HDL--c, non-high-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.

There was a significant improvement after one year of treatment with the CNIC-polypill in the proportion of patients attaining target levels (*p* \< 0.001) ([Fig. 2](#f0010){ref-type="fig"}**A**). Ten percent more patients achieved recommended LDL--c levels (namely \< 70 mg/dL for those with a previous event and \< 100 mg/dL for all others at moderate risk), 27% more attained TG levels of \< 150 mg/dL, and 36% more \< 200 mg/dL, in the latter case with as many as 81% of the population at such levels. Furthermore, the likelihood that patients achieved their corresponding target LDL--c levels was almost 2.7 times higher after one year of treatment with the CNIC-polypill (*p* \< 0.001; [Fig. 2](#f0010){ref-type="fig"}**B**). This improvement vs. pre-treatment was more evident in relation to the attainment of recommended TG levels, with a 7.4 times greater likelihood of being below 150 mg/dL, and 9.3 times greater odds of being below 200 mg/dL (*p* \< 0.001; [Fig. 2](#f0010){ref-type="fig"}**B**).Fig. 2Proportion of patients with lipid parameters at target or recommended levels before and after one year of treatment with the CNIC-polypill (A) and odds of attaining the target (B). \*\<70 mg/dL for those with a previous event and \< 100 mg/dL for high-risk patients.[@b0110]. CI, confidence interval; LDL--c, low-density lipoprotein cholesterol; OR, odds ratio; TG, triglycerides.

3.3. Parameters of atherogenic dyslipidemia after one year of treatment {#s0045}
-----------------------------------------------------------------------

When subjects were treated as per standard of care, all atherogenic dyslipidemia indices (except the surrogate marker of insulin resistance) were above normal mean values ([Fig. 3](#f0015){ref-type="fig"}**A-E and G**), including a mean AIP value in the range of high risk for CVD (above 0.24) ([Fig. 3](#f0015){ref-type="fig"}**F**). After one year of treatment with the CNIC-polypill, all ratios decreased to normal or almost normal reference values and, remarkably, AIP decreased to a ratio considered to be associated with low-intermediate CV risk (0.14). When the mean difference between standard of care and polypill treatment was quantified as the percentage of change, the observed reductions for all studied AD markers were statistically significant (*p* \< 0.001). These reductions were\>55% in the case of RC (−59%), AIP (−56%), and LCI (−58%), while for the other lipid ratios the decrease was less pronounced but still significant at − 39% for IRS, −30% for CRI--I, and − 24% for AI.Fig. 3Mean change in parameters of atherogenic dyslipidemia between baseline and after one year of treatment with the CNIC-polypill: A) remnant cholesterol (RC), B) Castelli\'s risk index--I (CRI--I), C) atherogenic index (AI); D) atherogenic coefficient (AC), E) TG/HDL--c ratio, used as a surrogate marker of insulin resistance (IRS), F) atherogenic index of plasma (AIP), and G) lipoprotein combined index (LCI). F, females; M, males. Dotted lines indicate the mean reference values (RC, CRI, AI, and LCI); the cut-off value for the detection of metabolic syndrome (AC); or the cut-off value for increased CV risk (IRS and AIP) [@b0085], [@b0090], [@b0170], [@b0195], [@b0200], [@b0205]. **RC** = TC − HDL--c − LDL--c; **CRI--I** = TC/HDL--c; **AI** = LDL--c/HDL--c; **AC** = non-HDL--c/HDL--c; **IRS** = TG/HDL--c; **AIP** = log(TG/HDL--c); **LCI** = TC × TG × LDL/HDL--c.

4. Discussion {#s0050}
=============

The decrease in TC and LDL--c parameters observed after one year of treatment with the CNIC-polypill was within the same range as previous randomized controlled trials (RCT) that assessed patients with CVD and patients without previous event [@b0035], [@b0040]. Expressed as a percentage of change, we observed a reduction of 23% in TC levels and 29% in TG levels, which is in line with those of a recent study also conducted in Mexico that included patients in secondary prevention [@b0120]. However, the percentage LDL--c reduction in our study was 14%, while in the Mendez-Garcia et al. study it was 40% [@b0120]. The smaller decrease in LDL--c levels in our study could be attributable to higher mean pre-treatment LDL--c values in their case (135.8 mg/dL vs. 129.6 mg/dL in ours).

The better performance of the polypill strategy has been attributed to a better adherence, estimated to be improved by about 40% compared with usual care (i.e. the 3 drugs given separately) [@b0030], [@b0035]. This is relevant because low adherence is an issue that exists worldwide and a striking problem in low- or medium-income countries, such as many of the countries in LATAM [@b0125]. Moreover, the previously observed pharmacodynamic synergy between monocomponents when administered together could have impacted in these results [@b0130]. In the particular case of the CNIC-polypill, which contains atorvastatin 40 mg, ramipril 10 mg, and acetylsalicylic acid 100 mg, it has recently been reported that it exerts a significantly (7%) greater reduction in LDL--c than atorvastatin alone [@b0130]. However, it should be taken into account that the lipid-lowering component used in our study was simvastatin and these results should therefore be assessed with caution.

Of note, the proportion of subjects attaining their target LDL--c levels in our study and the probability of their doing so was about 10% higher than before the intervention (30% of patients in total at the end of the study). This figure is in line with a *meta*-analysis of RCTs comparing the polypill strategy with usual care in patients at high risk of or with CVD [@b0135]. Our results are remarkable if we consider that the proportion of patients taking lipid-lowering treatment in addition to the polypill was low, with only 3.9% and 0.4% of patients being treated with fibrates and ezetimibe, respectively [@b0050]. Certainly, it is necessary to bear in mind that, although the polypill may be used as baseline treatment, it can be up-titrated with other lipid-lowering drugs when LDL--c levels remain off-target and/or TG higher than recommended.

Regarding the achievement of TG levels, the difference compared to baseline was much more pronounced, with 81% of subjects attaining levels \< 200 mg/dL and almost half of them at a target of \< 150 mg/dL at the end of the study, representing improvements of 18% and 36%, respectively. This is highly relevant to clinical practice because cholesterol and TG are the two main lipids in plasma and, although LDL--c is considered the primary atherogenic cholesterol-rich particle, elevated TG are associated with increased CV risk and are independently associated with CV events even in patients treated with statins and with target LDL--c levels [@b0140], [@b0145], [@b0150]. It is worth noting that non-HDL--c levels in our study experienced an additional 29% reduction compared with pre-treatment.

The rationale behind the calculation and use of lipid ratios is that they reflect the balance of both atherogenic and protective lipoproteins [@b0155]. In the present study, we observed significant reductions of between 59% and 24% in the baseline scores of all studied AD markers. Of note, the mean scores for RC, CRI--I, AI, AC, AIP, and LCI showed that patients were at risk of CV events when treated based on the standard of care, but those values then reverted to normal or near-normal after one year of treatment with the CNIC-polypill, indicating average or low-risk CV risk scores. The fact that different lipid ratios were substantially improved is probably due to various reasons. Firstly, statins inhibit intracellular cholesterol biosynthesis, thus reducing LDL--c, but they also reduce the synthesis and entrance in the circulation of small size lipoproteins (apolipoprotein B), and are able to lower serum concentrations of TG and remnant lipoproteins [@b0160]. Secondly, the different components of AD often present as a cluster because they share metabolic and physiopathological mechanisms, and therefore the polypill strategy might have improved multiple components simultaneously [@b0165].

The clinical relevance of the clear improvement in AD markers observed in our study could potentially be in relation to a decreased risk of atherosclerosis. For instance, the mean AIP value in our study fell from 0.32 at baseline to 0.14 after one year of treatment with the CNIC-polypill, which correspond to values associated with high and low-to-intermediate CV risk, respectively [@b0170].

The results obtained with the present study are relevant in particular in LATAM, where CVD is the leading cause of death and disability, with 70% of cases due to acute myocardial infarction, this being mainly due to the high prevalence of CVR factors in these regions [@b0070]. However, in LATAM, up to 31% of patients with CVD do not receive any pharmacological treatment, and \<4% receive the 3 or 4 proven therapies (i.e. antiplatelet medications, beta-blockers, angiotensin-converting enzyme inhibitors or angiotensin-receptor blockers, and statins) [@b0175]. Additionally, the prevalence of AD is higher in LATAM than in other geographical regions, with low HDL--c levels present in 34--53% and high TG levels in 26--31% of the population compared to 30% and 24% in the US, or 22% and 21% in Europe, respectively [@b0070], [@b0180]. These data are even more worrying in the case of Mexico, with an estimated 10.3% of its population having diabetes mellitus,[@b0185] 44% metabolic syndrome, and 55% considered to be at high risk of CVD [@b0190]. Moreover, the prevalence of low HDL--c and mixed hyperlipidemia is amongst the highest in the world, with about 30% of obese or overweight subjects having hypertriglyceridemia and 18% of them mixed dyslipidemias \[15\].

5. Study limitations {#s0055}
====================

The present study has strengths and limitations that must be acknowledged. The major strength is the observational design, which captures data in real-world clinical practice. However, there are inherent weaknesses associated with this design, such as the lack of a control group, the presence of multiple confounders and biases introduced by the heterogeneity of the selected population. Moreover, the study's sample size was relatively small and, although representative of the Mexican population at high risk of CVD, may not reflect the response to treatment in other countries with a different prevalence of AD components or profile of CV risk factors.

6. Conclusions {#s0060}
==============

The present real-world study showed that, additional to standard of care, patients with or at high risk of CVD treated for one year with the CNIC-polypill experienced a significant reduction in lipid markers indicative of AD. These results not only confirm that the CV polypill strategy can control lipid parameters better than traditional combination therapy, but also that it can reduce the residual CV risk of lipid origin, thus potentially exerting more intense protective effects on the overall CVD risk.
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